there were no differences in TLR4 or TLR5 mRNA levels among the different clinical presentations/histological findings (P > 0.05). In the in vitro assay, the mRNA levels of TLR4 or TLR5 in AGS cells were not influenced by the vacAs1 status or the clinical condition associated with the strains (P > 0.05 for both TLR4 and TLR5).
INTRODUCTION
H pylori is a Gram-negative, flagellated bacterium that colonizes the gastric mucosa of approximately twothirds of the world's population and is the primary cause of peptic ulcers and gastric adenocarcinoma. The complex interactions between different H pylori strains, the host immune system or environmental factors (or combinations thereof) are responsible for the significant variability in disease presentation associated with H pylori infection [1] . Vacuolating cytotoxin (VacA) and the CagA protein are the two major virulence markers usually associated with H pylori pathogenicity. VacA induces the formation of intracellular vacuoles in epithelial cell lines. Aside from its direct cell-damaging effect in vitro, VacA also plays a major role in inducing cytoskeletal changes, apoptosis and suppression of epithelial cell prolifera-www.wjgnet.com Garza-González E et al . TLR4, TLR5 and H pylori vacA status 5307 tion [2] . The vacA gene is present in all H pylori strains and contains at least two variable domains. The s-region, which encodes the signal peptide, exists as either an s1 or s2 isoform. The vacA s1 genotype has been linked to increased disease severity [2, 3] . Some H pylori strains contain a pathogenicity island, which carries a number of virulence factors, including cagA, which is considered to be a marker for this island. A type Ⅳ secretory system translocates the CagA protein into host epithelial cells where it is phosphorylated by host-cell kinases [4] . H pylori cagA-positive strains have been associated with more severe inflammation of the gastric mucosa and more severe disease manifestations [1, 2] . Toll-like receptors (TLRs) are a family of mammalian homologs of the Drosophila Toll proteins and, in mammalian systems, TLR4 confers responsiveness to Gramnegative lipopolysaccharide (LPS), while TLR5 recognizes flagellin [5] . Previous studies have shown that gastric epithelia express both TLR4 and TLR5 [6] [7] [8] [9] . Here, we studied the mRNA levels of TLR4 and TLR5 in gastric epithelial cells to determine if distinctive changes in the levels of mRNA could be affected by the presence of toxigenic and non-toxigenic (in particular vacA+ strains) H pylori strains.
MATERIALS AND METHODS
Study population, RNA isolation, and H pylori status Forty patients (mean age, 58.3 years; age range, 18-81 years; F/M, 25/15) with indications of upper gastroduodenal endoscopy were included and the study was approved by the local ethics committee. Eighteen biopsy specimens were obtained from each patient. Total RNA was extracted from four of the biopsies from each patient (two from the antrum and two from the corpus) using Trizol® reagent (Invitrogen, Carlsbad, CA, USA) according to manufacturer's instructions. Eight biopsies were used for histological evaluation; two from the lesser curvature, two from the greater curvature, two from the incisura angularis, and two from the prepyloric region. Biopsies were fixed, paraffin embedded and examined histologically after hematoxylin-eosin staining.
Patients' H pylori status was determined by histology, the rapid urease test performed by an in-house validated test on two biopsies (one from the antrum and one from the corpus) [10] , and culture analysis performed by standard methods on four biopsies (two from the antrum and two from the corpus) [11] . Bacterial genomic DNA was extracted from H pylori strains and typing for cagA and vacA was performed using primers previously described [3, 12] . Patients were considered H pylori-positive when at least two of the diagnostic tests were positive.
Infection of AGS cells and RNA isolation
From our collection, we selected 12 strains that were isolated from patients with gastritis, distal gastric cancer, and peptic ulcer disease (4 from each pathologic/ histologic finding). All strains were genotyped for vacA and cagA as described above. Human gastric epithelial AGS CRL-1739 cells were g rown in RPMI 1640 supplemented with 10% FBS. H pylori bacteria were added at a multiplicity of infection (MOI) of 100:1, followed by a phosphate buffered saline (PBS) pH 7.4 wash to remove non-adherent bacteria. After 24 h, total RNA was isolated using the RNA tissue kit (Gentra Systems, Minneapolis, MN). The H pylori J99 ATCC 700824 strain was used as a control in all experiments.
Reverse transcription and real-time PCR
Five micrograms of RNA were reverse-transcribed using SuperScript Ⅲ (Invitrogen) in a 20 μL reaction volume using oligo dT primers. The resulting cDNA was realtime-amplified in a final volume of 25 μL. The mix contained 1 U of Hot-Start Taq DNA polymerase (Invitrogen), 1 × reaction buffer, 200 μmol/L of each deoxynucleoside triphosphate (dNTPs), 3 mmol/L MgCl 2 , 0.3 μmol/L of each primer and 0.25 × SYBR Green (Molecular Probes, Eugene OR). PCR was performed in glass capillaries using a Light Cycler instrument (Roche Applied Science, Indianapolis, IN). All reactions were performed in duplicate, and the thermal cycling conditions were 1 min at 94℃, followed by 35 cycles of 94℃ for 10 s, 59℃ for 10 s and 72℃ for 10 s with a ramp of 5℃/s. Real time PCR for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was performed as described previously [7] . The relative amounts of the PCR products were calculated as the ratio of each TLR mRNA to GAPDH mRNA.
Statistical analysis
Comparisons were perfor med using a non-paired Student's t test. Analyses were carried out using the Statistics software 7.0 (Melbourne, Australia).
RESULTS

H pylori infection status and histological findings in the study population
The majority, 57.5 % (n = 23), of the patients examined were H pylori positive (F/M, 14/9; 22-81 years; 53.8 ± 20.3). Of the 40 patients in the study, 29 had gastritis confirmed by histology, 5 had intestinal metaplasia (IM) and 4 had antral ulcers. Only two patients had atrophic gastritis. All of the H pylori strains that were isolated were cagA-positive (Table 1) .
TLR4 and TLR5 mRNA levels in gastric biopsies
We plotted the TLR/GADPH ratios for both TLR4 and TLR5 in both infected and non-infected patients ( Figure 1A) . The presence of H pylori did not affect the mRNA levels of either Toll receptor. We did a similar analysis comparing patients infected with either H pylori vacAs1 or H pylori vacAs2 ( Figure 1B ). These data demonstrated that the mRNA levels of TLR4 and TLR5 were not influenced by the vacA status (P > 0.05 for both receptors). There were no differences in TLR4 or TLR5 mRNA levels between patients with different clinical presentations/histological findings (P > 0.05, data not shown). We were not able extract conclusions with respect to cagA, because all strains were cagA positive.
mRNA levels of TLR4 and TLR5 in AGS cells Eleven (91.7%) of the selected strains were cagA-positive and there was an equal vacA s1 and s2 distribution between the strains examined. There were no differences in the mRNA levels of TLR4 or TLR5 regarding the vacAs1 status or the clinical condition associated with the infecting strains (P > 0.05 for both TLR4 and TLR5, Figure 1C ).
DISCUSSION
Several studies have addressed the mRNA levels and protein expression of TLR4 and TLR5 in gastrointestinal cells or in AGS cells [6] [7] [8] [9] 13] . In this study, we examined the mRNA levels of TLR4 and TLR5 in gastric epithelial cells (biopsies and AGS cells) in order to determine if significant changes in mRNA levels could be related to the presence of H pylori or differences between the virulence of the strains. Our examination of gastric biopsies from infected and non-infected patients showed that there were no quantitative differences in the mRNA levels of these receptors regardless of whether H pylori was present or of the patient's H pylori vacA status.
Gastritis is thought to precede the development of IM, antral ulcer or atrophic gastritis [1, 2] . In this study, we included biopsies from 40 patients and among them, 29 had gastritis, 5 had IM, 4 had antral ulcers, and 2 had atrophic gastritis. When we compared the mRNA levels of both receptors between patients with gastritis and with each clinical condition/histological findings, we were unable to identify differences, suggesting that mRNA levels for both receptors may not be influenced by the infection process, or at least not at the time points selected for analysis.
Our analysis of TLR4 and TLR5 mRNA levels in AGS cells in the presence or absence of H pylori showed that the amounts of TLR4 and TLR5 mRNA in human gastric epithelial cells were independent of H pylori vacA status. In the in vitro assay, the analysis showed no differences in the amounts of TLR4 and TLR5 mRNA linked to different clinical conditions related to the H pylori strains selected.
Our results do not exclude the possibility of differential expression between TLR4 and TLR5 receptors since mRNA levels do not accurately reflect protein expression. In this study, we used quantitative real-time PCR, which is the most commonly used technique for studying mRNA expression levels [14] . This technique has some advantages, such as accuracy, sensitivity and reproducibility. Also, it allows for high throughput analyses and can be performed on very small samples. However, some problems associated with this technique must be addressed, such as the effects of different amounts of starting material, especially when analyzing biopsies. To deal with this variation, an internal control (housekeeping gene) must be simultaneously amplified with the gene of interest for normalization purposes [15] . In this study, even though we included analysis of GADPH as an internal control we could not assume that protein expression levels of both receptors were equal based on the levels of detected mRNA.
An additional caveat was that the in vivo mRNA analysis of pooled biopsies from for ty patients minimized the ability to identify biopsy-to-biopsy or patient-to-patient differences. Since RNA was extracted from all four antrum and corpus biopsies in the same vial, different gene expression profiles associated with different tissues would not have been detected. By analyzing four combined biopsies, it was possible that mRNA differences between corpus and antrum mucosal samples could have been missed. However, in the in vitro assay the mRNA levels obtained following infections with 12 different H pylori strains showed no differences in TLR expression. Although this is a uniform tissue, the observation that at least different H pylori strains did not affect TLR mRNA levels suggested that the same results would be observed in biopsy samples.
Some investi g a to r s h ave su g g es ted th a t th e subcellular distribution of receptors, rather than TLR expression level, could be relevant in the pathogenesis of inflammatory diseases because the expression of these receptors seems to be constitutive [7] . Our results are consistent with this view. Nonetheless, a study examining the cellular distribution of expression in relation to H pylori vacA status would be an interesting issue to address.
Schmausser et al [9] , reported that gastric epithelium with intestinal metaplasia and dysplasia expressed TLR4 and TLR5. They demonstrated that 17 out of 22 patients strongly expressed TLR4 (77.27%) and all 22 patients with gastric carcinoma expressed TLR5. Our study confirmed the presence of TLR4 and TLR5 mRNA, which preceded the expression of both receptors.
It is likely that evaluating the roles of other Toll-like receptors would help elucidate differences in disease manifestation and severity of diseases caused by H pylori infections. Valuable information regarding the recognition of whole H pylori or its LPS by TLR2 has been reported. Smith et al [16] demonstrated that gastric epithelial cells recognized and responded to H pylori infection, at least in part, via TLR2 and that H pylori LPS was a TLR2 agonist.
Additionally, Mandell et al [17] demonstrated that cytokine responses to whole H pylori were mediated by TLR2. Based on these investigations, more work examining the role of TLR2 in relation to the H pylori vacA status is needed. The results of this study show that the TLR4 and TLR5 mRNA levels in gastric cells both in vivo and in vitro are independent of H pylori and suggest that vacA may not be involved in the first steps of innate immune-recognition of H pylori.
COMMENTS
Background
H pylori is the primary cause of peptic ulcers and gastric adenocarcinoma. The variability of clinical manifestations is associated with bacterial, host immune responses and environmental factors.
Research frontiers
Gastric epithelia express toll-like receptor 4 (TLR4) and TLR5. We studied the mRNA levels of TLR4 and TLR5 in gastric epithelial cells to determine if distinctive changes in mRNA levels could be influenced by the presence of toxigenic H pylori strains.
Innovations and breakthroughs
In this study, we analyzed the mRNA levels of both TLR4 and TLR5 in gastric biopsies from infected and non-infected patients and in AGS cells infected with H pylori. We correlated these results with the vacA status of the strains. There were no quantitative differences in the mRNA levels of these receptors regardless of H pylori presence or the H pylori vacA status both in gastric biopsies and in AGS cells.
